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ABSTRACT 
Work descr ibed i n  t h i s  r epor t  covered (1)  dens i ty  measurements, 
( 2 )  c o r r e l a t i o n  of vapor pressures ,  ( 3 )  measurements of t h e  s o l u b i l i t y  
of oxygen i n  KOH s o l u t i o n s ,  and ( 4 )  measurements of  t h e  mutual d i f f u s i v i t y  
of water i n  KOH. 
By means of a modified Westphal balance technique using a s i l v e r  
plummet, measurements of t h e  dens i ty  of aqueous KOH s o l u t i o n s  have been 
made up t o  a temperature of 161.4OC and a KOH concent ra t ion  of 7 7 . 1  w t .  %. 
Good agreement wi th  previously publ ished da ta  w a s  noted.  
Vapor p re s su res  of KOH so lu t ions  were c o r r e l a t e d  by means of t h e  
Antoine equat ions using a d i g i t a l  computer f o r  eva lua t ion  of t h e  cons t an t s .  
It w a s  found t h a t  t h e  d a t a  were b e s t  represented  a t  each concent ra t ion  by 
one equat ion f o r  low temperatures and another  equat ion f o r  high tempera- 
t u r e s .  The t r a n s i t i o n  temperature from t h e  low t o  t h e  h igh  temperature  
r eg ion  increased  wi th  KOH concent ra t ion .  P red ic t ed  vapor pressures  using 
t h e  cons t an t s  so determined agreed wi th  experimental  va lues  wi th in  one 
percent .  
Oxygen s o l u b i l i t i e s  were extended t o  100°C and a KOH concent ra t ion  
of 56 w t .  % a f t e r  r e f i n i n g  the technique.  The present  technique is 
l imi t ed  t o  t h e  range ind ica ted  by impur i t i e s  i n  t h e  helium used as a 
s t r i p p i n g  gas .  Fur ther  imprpvements i n  t h e  appara tus  and technique are 
being inves t iga t ed  t o  permit ex tens ion  of t h e  measurements t o  h igher  
temperatures  and KOH concent ra t ions .  
Measurements of t h e  mutual d i f f u s i v i t y  of  water i n  aqueous KOH so lu-  
t i o n s  have been s t a r t e d  and a few da ta  are  r epor t ed .  
1 
1 .0  In t roduc t ion  
The pas t  s i x  months have been u t i l i z e d  almost e n t i r e l y  i n  de t e r -  
mining needed phys ica l  d a t a  and i n  f u r t h e r  r e f i n i n g  methods of a n a l y s i s .  
A t  t h e  beginning of t h e  period i t  appeared t h a t  t h e  method of measuring 
d isso lved  oxygen concentrat ions was adequate .  It was soon found, however, 
t h a t  t h e  s o l u b i l i t y  of oxygen i n  concent ra ted  KOH s o l u t i o n s ,  e s p e c i a l l y  a t  
h igh  temperatures ,  was so small t h a t  unacceptably l a r g e  e r r o r s  were being 
noted.  
on making measurements i n  so lu t ions  which were not  s a t u r a t e d  wi th  oxygen. 
This was t h e  more se r ious  i n  t h a t  d i f f u s i v i t y  measurements depended 
It was necessary,  t h e r e f o r e ,  to  reduce these  e r r o r s  t o  an  accep tab le  va lue .  
This  has been accomplished, and measurements of s o l u b i l i t y  up t o  100°C 
c a r r i e d  o u t .  
Measurements of t h e  dens i ty  of KOH s o l u t i o n s  have been extended 
t o  160 C y  and vapor pressures  of KOH s o l u t i o n s  c o r r e l a t e d  by means of t h e  
Antoine equat ion  over t h e  range of temperatures  and KOH concent ra t ions  of 
ch ie f  i n t e r e s t  f o r  H -0 f u e l  c e l l s  employing aqueous KOH s o l u t i o n s  a s  
e l e c t r o l y t e s .  
0 
2 2  
I n  t h e  course of t h i s  i n v e s t i g a t i o n  it became evident  t h a t  a 
knowledge of t h e  mutual d i f f u s i v i t y  of water i n  KOH s o l u t i o n s  is d e s i r a b l e  
f o r  a more adequate understanding of mass t r a n s p o r t  i n  t h e s e  s o l u t i o n s .  
To t h a t  end measurements of the mutual d i f f u s i v i t y  were begun. A few of 
t h e s e  da t a  a r e  r epor t ed  h e r e .  
2 
2 . 0  DENSITY MEASUREMENT 
Considerable d i f f i c u l t i e s  were experienced with t h e  pycnometer 
procedure descr ibed  i n  t h e  previous r e p o r t  when making measurements a t  
h igh  temperature .  These d i f f i c u l t i e s  a rose  pr imar i ly  from r a p i d  corro-  
s i o n  of t h e  g l a s s  c a p i l l a r y .  I n  view of t hese  problems a modified West- 
pha l  balance procedure (Hydrostat ic  Weighing Method of Kohlrausch) has  
been adopted and i s  descr ibed below. 
Theory. This  method i s  based on t h e  Archimedes P r i n c i p l e ,  i n  which a 
plummet i s  weighed i n  a i r ,  water ,  and t h e  s o l u t i o n  whose dens i ty  i s  t o  
be determined, r e s p e c t i v e l y .  The dens i ty  of t h e  s o l u t i o n  a t  t h e  temp- 
e r a t u r e  t a t  which t h i s  measurement i s  conducted i s  g iven  by 1' 
pso In 'water a t  t i  
(2.0- 1) 
where Ws = weight of t h e  plummet i n  t h e  s o l u t i o n  
= weight of t h e  plummet i n  a i r  
= weight of t h e  plummet i n  water .  
wA 
wW 
Using t h i s  method Reddlich and Bige le i sen  ( l ) ,  who used a plummet 
having a volume of 300cc, claimed t h a t  under optimum cond i t ions ,  t h e  repro-  
d u c i b i l i t y  of dens i ty  measurement can be as high  as f 2 . 0 ~ 1 0  
Descr ip t ion  of Apparatus. 
-6  
gm/cc. 
An a n a l y t i c a l  balance wi th  one pan rep laced  by a co in  s i l v e r  
plummet (approximately 5 cc in  volume) suspended by a f i n e  Platinum- 
Rhodium w i r e  w a s  used. The wire passed through a ho le  (about 3/8" i n  
diameter)  i n  t h e  platform of t h e  balance so t h a t  t h e  plummet could be 
immersed i n  thermostated potassium hydroxide s o l u t i o n  placed below t h e  
balance case .  To prevent cor ros ion  of t h e  plummet i t  was e l e c t r o p l a t e d  
3 
4 
w i t h  pure s i l v e r .  
To prevent evaporation from t h e  KOH s o l u t i o n  being t e s t e d  a 
flow of n i t rogen  e q u i l i b r a t e d  wi th  KOH of t h e  same concent ra t ion  and a t  
t h e  same temperature  as t h e  sample under t e s t  w a s  d i r e c t e d  over t h e  
s u r f a c e  of t h e  so lu t ion .  To accomplish t h i s  two groups of s a t u r a t o r s  
were used as shown i n  Figure 1. The f i r s t  group cons i s t ed  of  two 
s a t u r a t o r s  conta in ing  d i s t i l l e d  water kept a t  a temperture such t h a t  
t h e  vapor pressure  of  water is t h e  same as t h a t  of t h e  KOH s o l u t i o n .  
The second group cons is ted  of two more S a t u r a t o r s  a t  t h e  same tempera- 
t u r e  and KOH concent ra t ion  a s  t h a t  of t h e  sample. 
Procedure.  
The plummet w a s  weighed f i r s t  i n  a i r  and then  i n  t h e  KOH so lu-  
t i o n  which was maintained a t  a f i xed  temperature .  The plummet was i m -  
mersed t o  such a depth t h a t  the  s u r f a c e  of t h e  s o l u t i o n  always came t o  
t h e  same mark on t h e  wire ,  so t h a t  t h e  same volume of l i q u i d  was d i s -  
placed a t  all t imes.  Then the  weight of t h e  plummet was determined a t  
i n t e r v a l s  of 5 minutes,  t o  ensure t h a t  an equ i l ib r ium cond i t ion  was 
reached and t o  guard aga ins t  a c c i d e n t a l  e r r o r s  i n  weighing. The temp- 
e r a t u r e  of t h e  s o l u t i o n  was determined a t  t h e  beginning and t h e  end of 
each experiment. The experiment was repea ted  t h r e e  t o  f i v e  times wi th  
f r e s h  samples of t h e  same composition t o  ensure r e p r o d u c i b i l i t y .  
0 The plummet volume f o r  temperatures  up t o  80 C w a s  determined 
by weighing t h e  plummet i n  water i n  t h e  same manner as s t a t e d  above. 
For temperatures  above 80 C y  t h e  volume of  t h e  plummet w a s  ob ta ined  by 
ex t r apo la t ing  t h a t  ob ta ined  a t  lower Lemperature t o  t h e  des i r ed  tempera- 








0 0 cons tan t  over t h e  i n t e r v a l  of 80 C t o  160 C .  
expansion c o e f f i c i e n t  w a s  approximately 0.00006(°C) 
A t  8OoC t h e  volumetr ic  
-1 
A t  h igh temperature ,  t h e  s o l u t i o n  tended t o  vapor ize  q u i t e  
r a p i d l y ,  thus  a f f e c t i n g  t h e  temperature and concent ra t ion  of t h e  solu-  
t i o n .  To minimize t h i s  e f f e c t ,  an atmosphere of n i t rogen  s a t u r a t e d  
wi th  water vapor was maintained by passing p resa tu ra t ed  n i t rogen  over 
t h e  su r face .  
In  experimenting with d i l u t e  s o l u t i o n s ,  d i sso lved  gas  i n  t h e  
s o l u t i o n  tended t o  form small bubbles and adhere t o  t h e  s u r f a c e  of t h e  
plummet, and had t o  be removed be fo re  t ak ing  r ead ings .  
Concentrated so lu t ions ,  whose s a t u r a t i o n  temperatures  are 
above room temperature ,  were prepared and s t o r e d  i n  an oven maintained 
a t  temperatures  higher  than  the s a t u r a t i o n  temperature ,  and t h e  concen- 
t r a t i o n  w a s  determined a t  t he  t i m e  of dens i ty  measurement by t i t r a t i o n .  
- Note: I n  these  experiments, no at tempt  was made t o  f r e e  t h e  
potassium hydroxide s o l u t i o n  of carbonate ,  but t h e  carbonate  content  
f o r  each concent ra t ion  was determined and was found t o  be less than  one 
per  cent  of t h e  potassium hydroxide con ten t .  Also, no at tempt  was made 
t o  e l imina te  t h e  e f f e c t  of sur face  t ens ion  by coa t ing  t h e  w i r e  wi th  
p l a  t inum b lack .  
Discussion of Resu l t s .  
The d e n s i t i e s  of potassium hydroxide s o l u t i o n s  a t  va r ious  t e m -  
pe ra tu re s  and concent ra t ions  a r e  t abu la t ed  i n  Table 2.0-1 and are  shown 
i n  F igures  2 and 3 .  These r e s u l t s  agree  c l o s e l y  wi th  t h e  da t a  from 
Table 5 of Solvay Technical  Bu l l e t in  No. 15 f o r  6OoC and 8OoC. The 
Table 2.0-1 
DENSITIES OF KOH SOLUTIONS 
59.9 f 0.1OC 79.9 f 0.1OC 
W t .  percent  
KOH E x p t l .  Data Solvay Data Expt l .  Data Solvay Data 
6.17 1.0381 f 0.0001 1.0375 1.0269 f 0.0001 1.0279 
11.50 1.0863 f 0.0002 1.0857 1.0746 f 0.0001 1.0767 
20.90 1.1758 f 0.0002 1.1750 1.1652 f 0.0001 1.1650 
1.2329 + 0,0001 1.2336 27.80 1.2448 f 0.0001 1.2441 
36.00 1.3294 ,+ 0.0002 1.3299 1.3973 ,+ 0.0001 1.3955 
43.00 1.4080 ,+ 0.0001 1.4072 1.3180 f 0.0001 1.3186 
47.20 1.4560 f 0.0001 1.4554 1.4442 f 0.0008 1.4435 





~ - ~~~~ 
Exptl .  Value W t  . Expt l .  Value Temp W t  . Temp 
- percent  Percent 








1.3073 f 0.0001 141 f 0.2OC 53.9 1.4901 f 0.0001 
1.3858 f 0,0001 55.72 1.5160 f 0,0001 
1.3969 f 0.0001 59.71 1.5622 f 0,0001 
1.5324 f 0,0001 65.1 1.6268 f 0,0001 
1.5809 f 0.0001 
1.5205 - + 0.0001 161.4+0.loC 64.68 1.6086 f 0.0001 
1.5683 f 0.0001 72.25 1.7046 f 0.0001 
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Figure 3 
CONCENTRATION DEPENDENCE OF DENSITY OF AQUEOUS KOH SOLUTIONS 
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dev ia t ions  shown are  s tandard  dev ia t ion  from t h e  a r i t h m e t i c  means. The 
e r r o r  i n  t h e  concen t r a t ion  determination i s  es t imated  t o  be about 0.1% 
of t h e  t o t a l  KOH concent ra t ion .  No measurements were made of a s o l u t i o n  
whose vapor p re s su re  were g r e a t e r  than  40Omm Hg a t  a g iven  temperature 
because it  was f e l t  t h a t  unce r t a in ty  i n  t h e  measured va lues  t h a t  would 
a r i se  due t o  r a p i d  vapordzation would be t o o  g r e a t ,  and e x t r a p o l a t i o n  
from va lues  a t  low vapor pressure  may g ive  b e t t e r  r e s u l t s .  The devia- 
t i o n s  i n  t h e  temperatures shown i n  t h e  t a b l e  r e p r e s e n t  e r r o r s  i n  temp- 
e r a t u r e  de te rmina t ion  r a t h e r  than  f l u c t u a t i o n  i n  temperature during an 
exper imdnt . 
3.0 VAPOR PRESSURES OF KOH SOLUTIQNS 
Although t h e  p r inc ipa l  ob jec t  of t h i s  work i s  t h e  measurement 
and p r e d i c t i o n  of  s o l u b i l i t y  and d i f f u s i v i t y  of hydrogen and oxygen i n  
KOH s o l u t i o n s ,  i t  i s  necessary t o  know t h e  vapor p re s su re  of water a t  
1 v a r ious  temperatures  and KOH concent ra t ions .  Adequate experimental  d a t a  
on t h e  vapor pressure  of water are not  a v a i l a b l e  f o r  t h e  h igher  va lues  
of temperature  and KOH concent ra t ion  which were planned f o r  i n v e s t i g a t i o n  
a t  t h e  o u t s e t ,  and experimental  de te rmina t ion  of vapor presbures  of  water 
was undertaken both t o  confirm some of t h e  da t a  i n  t h e  l i t e r a t u r e  and t o  
provide those  which were unavai lab le .  Since t h a t  t i m e ,  however, i n t e r e s t  
appears t o  have decreased somewhat i n  t h e  da t a  f o r  higher  temperatures  
and KOH concent ra t ions ,  and, with t h e  concurrence of NASA t e c h n i c a l  
personnel ,  t h i s  p a r t i c u l a r  t a sk  was set  a s i d e  f o r  t h e  t i m e  being t o  con- 
c e n t r a t e  more on s o l u b i l i t y  and d i f f u s i v i t y .  
L i t e r a t u r e  da t a  on vapor pressures  over KOH s o l u t i o n s  were 
t abu la t ed  i n  Sec t ion  8.1.5 of t h e  F i r s t  Semi-Annual Report on Research 
Grant NGR 10-005-022. Addit ional  d a t a  der ived  from Duhring l i n e s  and 
b o i l i n g  p o i n t s  are  summarized i n  Tables 3.0-1 and 3.0-2.  Analysis  of 
a l l  of t hese  d a t a ,  inc luding  those  determined i n  t h e s e  l a b o r a t o r i e s ,  
suggested t h a t  good i n t e r p o l a t i o n  and moderate e x t r a p o l a t i o n  could be 
obta ined  from t h e  l i t e r a t u r e  d a t a  on vapor p re s su res  over KOH s o l u t i o n s  
by means of Antoine equat ions,  provided t h e  empir ica l  cons t an t s  were 




VAPOUR PRESSURE OF AQUEOUS KOH SOLUTIONS (4 )  
( I n  Mil l imeters  of Mercury) 
w t .  x 
KOH 1 2 o O c  14 0' C 16OoC 180°C 2 OOOC 2200c 
0 1490 2680 4670 7550 --- - - -  
10 1380 2510 4370 7000 - - -  --- 
20 1200 2200 3800 6 140 --- - - -  
30 960 1760 3010 5070 7770 I-- 
40 650 1240 2200 3670 5940 --- 
50 350 650 1150 2020 3270 5300 
55 207 380 720 1220 2030 3 100 
Table 3.0-2 
BOILING TEMPERATURES OF AQUEOUS KOH SOLUTIONS AT VARIOUS PRESSURE (4  1 
Press ur e s  
W t .  % Mil l imeters  of Mercury Atmospheres 
0 52OC 66OC 84OC l0O0C 1 2 o O c  134OC 152OC 180°C 
10 53OC 68OC 85OC 102OC 1 2 3 O C  1 3 6 O C  155OC 1 8 3 O C  
20 56OC 71°C 8 9 O C  106OC 1 2 7 O C  14 l 0 C  16OoC 189OC 
30 62Oc 7 7 O c  95Oc Ii3OC i3s0c i 4 8 O C  i68'2 i97'2 
40 7 l o C  8 7 O C  106OC 1 2 4 O C  146OC 16 l 0 C  1 8 1 O C  2 1 1 O C  
50 89OC 106OC 125OC 145OC 168OC 184OC 206OC 2 7 3 O C  
60 115OC 135OC 155OC 1 7 8 O C  205OC 2 2 2 O C  246OC 284OC 
70 148OC 1 7 2 O C  1 9 8 O C  227OC 2 58OC 28OoC 31OoC 357OC 
80 --- 223OC 255OC 2 8 7 O C  3 2 8 O C  354OC 387OC 444OC 
KOH 100 200 400 1 2 3 5 1 0. 
1 2  
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Cor re l a t ion  of Ex i s t ing  Data, 
To c o r r e l a t e  ex i s t ing  vapor p re s su re  da t a  f o r  potassium hydroxide 
s o l u t i o n s  the  Antoine equation w a s  used: 
( 3  0- 1) B log P = A - - C+t 
where P i s  vapor p re s su re  i n  millimeters of mercury, t i s  temperature  i n  
0 
C ,  and A ,  B and C a r e  cons tan ts  which vary  wi th  t h e  KOH concent ra t ion .  
The experimental  da t a  cons is ted  of vapor p re s su re  measurements a t  tempera- 
t u r e s  up t o  100 C ( 2 ) ,  and those based on Duhring l i n e s  and b o i l i n g  temp- 
e r a t u r e  da t a  (3,4) a t  higher  temperatures ( see  Tables 3 .0-1 and 3.0-2). 
I n  determining t h e  cons t an t s  A ,  B and C €or  each KOH concent ra t ion ,  t h e  
fol lowing procedure recommended by Weissberger ( 5 )  was used: 
0 
1) The da ta  was p l o t t e d  as log P v s .  1 / ( 2 7 3 + t ) ,  and inspec ted  f o r  
l i n e a r i t y  and scatter i n  t h e  da t a  p o i n t s .  It was found t h a t  t h e  d a t a  
could be b e s t  represented  by two s t r a i g h t  l i n e s ,  corresponding t o  a 
low and high temperature  range f o r  each KOH concent ra t ion .  The t r a n s i -  
t i o n  temperature from t h e  low t o  t h e  high temperature  r eg ion  va r i ed  
somewhat wi th  concent ra t ion ,  being approximately 60 C f o r  water and 
r i s i n g  t o  about 12OoC a t  higher KOH concen t r a t ions .  
cons t an t s  were subsequent ly  obtained,  corresponding t o  these  two reg ions .  
" 0  
Two sets of Antoine 
On examining t h e  experimental  d a t a  a few po in t s  were found 
which departed somewhat from t h e  s t r a i g h t  l i n e  i n  a random fash ion .  
Where such dev ia t ions  appeared t o  be due t o  experimental  e r r o r ,  t hese  
p o i n t s  were not  subsequently used i n  ob ta in ing  t h e  cons t an t s .  
2)  For each KOH concent ra t ion ,  va lues  of t h e  cons tan t  C were found 
14 
f o r  each temperature reg ion  from t h e  equat ion:  
A log P log P - log P1 = - -  
t - t l  t l + C  tl+C ( 3  0-2) 
where t l  i s  some r e f e r e n c e  temperature and P 
t h a t  temperature .  C was evaluated by p l o t t i n g  t h e  le f t -hand  s i d e  of t h i s  
equat ion aga ins t  log P, and determining t h e  s lope .  Values of C found i n  
t h i s  way showed an inc rease  with increas ing  KOH concen t r a t ion ,  Before 
c a l c u l a t i n g  A and B,  t h e  C values  were rounded t o  t h e  n e a r e s t  degree.  
i s  t h e  vapor pressure  a t  1 
3 )  Having found va lues  of 6 f o r  each KOH concent ra t ion ,  t h e  b e s t  
s t r a i g h t  l i n e  r e l a t i n g  log P t o  l / (C+t)  w a s  determined f o r  bo th  t h e  h igh  
and low temperature r eg ions ,  and hence va lues  of A and B were found by 
t h e  method of least  squares .  These c a l c u l a t i o n s  were performed on a 
d i g i t a l  computer. 
Values f o r  t h e  cons tan ts  A ,  B and C f o r  va r ious  KOH concentra- 
t i o n s  a r e  shown i n  Table 3.0-3 f o r  t h e  low temperature  r eg ion ,  and i n  
Table 3.0-4 f o r  higher  temperatures.  The va lues  of  C ob ta ined  show a 
continuous v a r i a t i o n  wi th  KOH concent ra t ion ,  bu t  t h e  v a r i a t i o n s  i n  A and 
B wi th  concent ra t ion  are  l e s s  wel l -def ined .  This  i s  a t t r i b u t e d  t o  s m a l l  
e r r o r s  i n  t h e  experimental  vapor p re s su re  d a t a .  It seems t h a t  s e v e r a l  
sets of A ,  B and C va lues  a r e  p o s s i b l e  f o r  each concen t r a t ion ,  each set  
g iv ing  almost as good a f i t  of t h e  experimental  da t a ;  a meaningful choice  
between these  va r ious  sets would r e q u i r e  vapor p re s su re  d a t a  of very high 
accuracy. 
The Antoine equation wi th  t h e  cons t an t s  shown i n  Tables  3.0-3 
and 3 . 0 - 4  gave good agreement wi th  experimental  da t a  over t h e  whole range 
Table 3.0-3 
ANTOINE CONSTANTS FOR LOW TEMPERATURE 
* 
W t .  % KOH Temper a t u r  e, Rang e A B 
0 0-80°C 8.0928 1746.1 
4.72 0-80 8 ., 0757 1745 ., 3 
9.09 0-80 8.0646 1747 e 1 
1768 1 16.66 0-80 8 1052 
23.07 0-90 7 9800 1751 7 
28.57 0.100 7 9603 1772 2 
33 * 33 0- 100 7.9782 1818 7 
37.50 0- 120 8 0529 1891.5 
44.45 0- 120 8.3770 2118.9 
50.00 0- 140 9.5007 2907.8 
54.55 0- 140 9 8749 3289.3 
* 


























ANTOINE CONSTANTS FOR HIGH TEMPERATURE RANGE 
Temperature RanPe A B C 
80- 18OoC 7 9668 1668.2 228 
80- 180 7 9564 1676.4 228 
90-180 7.9221 1685 9 228 
100-200 7.8321 1696 6 230 
120-200 7.9805 1818.2 232 
140- 22 0 7.8007 1840.4 2 34 
140-250 7 -8496 2090 3 243 
150-310 7.5914 2305 3 264 
220-440 7.5886 2814 0 3 03 
* 




of  temperatures and KOH concent ra t ions ,  t he  agreement between p red ic t ed  
and experimental  vapor pressures  being wi th in  1% f o r  a l l  po in t s .  A 
comparison of p red ic t ed  and experimental  va lues  f o r  a number of KOH 
concent ra t ions  and temperatures chosen a t  random i s  shown i n  Table 3.0-5. 
Since t h e  agreement i n  most cases  i s  b e t t e r  t han  1%, it i s  concluded t h a t  
t h e  Antoine equat ion provides  e s t ima tes  of t h e  vapor p re s su re  of KOH 
s o l u t i o n s  t h a t  a r e  s u f f i c i e n t l y  accu ra t e  f o r  t h e  purposes of  t h e  work 
under t h i s  g r a n t .  
Table 3.0-5 
COMPARISON OF PREDICTED AND EXPERIMENTAL VAPOR PRESSURES 
Temper at ur e Temperature 
Wt. % KOH Range OC 



































































































4 .  SOLUBILITY 
4 . 1  Experimental 
As noted i n  previous r e p o r t s ,  t h e  s o l u b i l i t y  o f  O2 i n  potassium 
hydroxide s o l u t i o n  decreased so sharp ly  wi th  concent ra t ion  t h a t  c e r t a i n  
changes were necessary i n  t h e  appara tus  previously descr ibed  i n  o rde r  t o  
o b t a i n  r e l i a b l e  measurements a t  h igher  concent ra t ions  and temperatures .  
A new s t r i p p i n g  c e l l  was designed i n  which t h e  g l a s s  f r i t  w a s  rep laced  
by a t e f l o n  f r i t ,  and t h i s  was jo ined  t o  g l a s s  p ieces  by a s p e c i a l l y  
cons t ruc ted  t e f l o n  f i t t i n g .  
ro s ion  of t h e  f r i t  by KOH a t  high temperatures  and concen t r a t ions .  
s i z e  of t h e  s t r i p p i n g  c e l l  was a l s o  increased  so t h a t  l a r g e r  samples 
could be i n j e c t e d .  
system so t h a t  as f a r  as poss ib l e  an abso lu te ly  a i r - f r e e  sample could be 
withdrawn from t h e  s a t u r a t o r .  The res t  of  t h e  appara tus  and t h e  exper i -  
mental  procedure has  remained e s s e n t i a l l y  t h e  same except t h a t  l a r g e r  
samples were i n j e c t e d .  In  t h i s  manner, t h e  r e l i a b i l i t y  of t h e  r e s u l t s  
was g r e a t l y  increased  although i t  was no t i ced  t h a t  t h e  helium p u r i f i e r  
being used p resen t ly  (adsorp t ion  column kept  i n  a l i q u i d  n i t rogen  b a t h )  
was not s u f f i c i e n t  t o  remove a l l  t h e  impur i t i e s  i n  t h e  helium. It is 
hoped t h a t  t h i s  d i f f i c u l t y  w i l l  be overcome a s  soon as a gas d i f f u s i o n  
helium p u r i f i e r  i s  secured.  
This was done wi th  a view t o  prevent ing cor- 
The 
Secondly, some changes were made i n  t h e  s a t u r a t i n g  
4.2 Resul t s  S o l u b i l i t y  of O2 i n  KOH 
The s o l u b i l i t y  da t a  a t  6OoC and 100°C obta ined  a f t e r  introduc-  
ing  t h e  above descr ibed  changes i n  t h e  appara tus  a r e  t a b u l a t e d  i n  Table 
4.1-1. These d a t a  a r e  a l s o  shown i n  F igure  4 ,  where log S is p l o t t e d  
a g a i n s t  weight percent  KOH. 
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Table 4.1-1 
SOLUBILITY OF O2 IN KOH 
T = 6OoC 
KOH Concentration 
W t .  % 
5.56 
11 .22  
20.9 









pmmo 1 / L i t  e rx l03  
0.612 f 0.013 
0.446 ,+ 0.014 
0.172 f 0.005 
0.093 f 0.0015 
0.0614 f 0.0024 
0.0204 f 0.0009 
0.0034 f 0.0013 
0.0323 f 0.0011 
0.0173 f 0.001 
0.00325 f 0.00027 
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Figure 4 
SOLUBILITY OF Q2 IN KOH 
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4 . 3  Discussion 
4.3.1 Heats of Solu t ion  
Since one of  the o b j e c t s  of t h i s  work i s  the  development of 
a theory of s o l u t i o n  f o r  concentrated e l e c t r o l y t i c  s o l u t i o n s ,  i t  seemed 
d e s i r a b l e  t o  consider  t h e  i n t e r a c t i o n s  between t h e  s o l u t e  molecules (H and 
0 ) and t h e  so lven t .  To t h i s  end d a t a  from Lange (6)  f o r  t h e  s o l u b i l i t y  
of hydrogen and oxygen i n  water a t  d i f f e r e n t  temperatures  were p l o t t e d  as 
2 
2 
shown i n  F igure  5. It may be seen  from t h e  graph t h a t  t h e  s o l u b i l i t y  of 
0 i n  water decreases  continuously wi th  inc reas ing  temperature  whereas 
t h a t  of hydrogen decreases  a t  lower temperatures  and then  inc reases  a t  
2 
higher  temperatures .  Thus the s o l u b i l i t y  of hydrogen i n  water e x h i b i t s  
a minimum. 
These s o l u b i l i t y  data  were used t o  c a l c u l a t e  p a r t i a l  molal  h e a t s  
of s o l u t i o n  from t h e  following r e l a t i o n :  
(4 .3 -1)  
where xi = mol f r a c t i o n  of gas 
T = abso lu te  temperature 
HL 
-0 = p a r t i a l  molal  enthalpy of  t h e  s o l u t e  i n  t h e  s tandard  s t a t e  
of i n f i n i t e  d i l u t i o n  
4 
HG = p a r t i a l  molal  enthalpy of t h e  i d e a l  gas  i n  t h e  vapor phase 
R = gas cons tan t  
P = pres su re  
These va lues  have been tabula ted  i n  Table 4.3-1 and p l o t t e d  i n  F igure  6 .  
It may be seen from the  p l o t s  t h a t  t h e  p a r t i a l  molal  h e a t s  of s o l u t i o n  
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Figure 5 
SOLUBILITY OF O2 AND H2 IN WATER V5 
RECIPROCAL ABSOLUTE TEMPERATURE 
Table 4.3-1 
Heats of Solution for 0 /H 0 
2 2  
0 




-.,_ 7F11 -3.79x10 
303 -2 59x10 
333 - 1 28x10 
363 -0.31~10~ 
Heats of Solution for H2/H20 
0 





2 78 - 1.45~10 
294 - 1 16x10 
310 -0,49~10 
3 16 - 0.18~10 
323 0 
3 338 0.05~10 
355 0. O6x1O3 
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Figure 6 
MOLAL HEATS OF SOLUTION (02 AND H2/WATER 
. ABSOLUTE TEMPERATURE "5 
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Since only one solvent  i s  under cons ide ra t ion ,  namely, water, 
i t  i s  reasonable  t o  assume tha t  d i f f e rences  i n  t h e  p a r t i a l  molal  hea t s  of 
s o l u t i o n  and s o l u b i l i t y  phenomena a r e  due t o  t h e  phys ica l  c h a r a c t e r i s t i c s  
of t h e  gases ,  o r  a t  l e a s t ,  on t h e i r  e f f e c t  on t h e  p r o p e r t i e s  of t h e  so lven t .  
Among t h e  cornon methods used t o  c o r r e l a t e  t h e  p a r t i a l  molal  h e a t s  of so lu-  
t i o n  a r e  ( a )  p a r t i a l  molal volumes, (b)  f o r c e  cons t an t s  and ( c )  p o l a r i z a b i l i t y  
(7) 
The d i f f e r e n c e  between t h e  s o l u b i l i t y  behavior of t hese  gases  i n  
water and nonpolar so lven t s  appears t o  be p a r t i a l l y  exp la inab le  i n  terms 
of t h e  " i ce - l ike"  s t r u c t u r e  ( i . e . ,  o rdered)  of water .  The ex ten t  of t h i s  
ice- l ike-ness"  can be a l t e r e d  by ( a )  temperature ,  (b )  p re s su re ,  and ( c )  
a d d i t i o n  of s o l u t e .  When a gas molecule d i s s o l v e s  it may a f f e c t  t h e  s i z e  
and d i s t r i b u t i o n  of t h e  ordered aggregates  of water molecules .  Moreover, 
I t  
one would expect t h a t  t h e  la rger  t h e  s o l u t e  atom o r  molecule t h e  g r e a t e r  
t h e  e f f e c t .  
hydrogen appears  reasonable .  Furthermore,  as t h e  temperature  inc reases  
t h e  e f f e c t  on t h e  hea t  of so lu t ion  of oxygen i s  g r e a t e r  as one might expect .  
Thus, t h e  g rea t e r  hea t  of s o l u t i o n  of  oxygen than  t h a t  of 
4 . 3 . 2  Surface  Ef fec t s  and S o l u b i l i t y  
I n  a l l  work done i n  these  l a b o r a t o r i e s  s o l u t i o n s  have been 
s a t u r a t e d  wi th  oxygen by bubbling t h e  gas through a g l a s s  f r i t ;  a ques t ion  
a rose ,  t h e r e f o r e ,  a s  t o  whether t h e  s o l u b i l i t y  might be a f f e c t e d  by bubble 
s ize .  I n  order  t o  inves t iga t e  t h e  r e l a t i v e  importance of s u r f a c e  e f f e c t s  
i n  t h e  s o l u b i l i t y  measurements, a r e l a t i o n  between t h e  s o l u b i l i t y  of a 
gaseous s o l u t e  i n  a l i q u i d  so lvent  f o r  a curved s u r f a c e  and t h a t  f o r  p lanar  
su r face  was der ived .  The complete d e r i v a t i o n  from t h e  appropr i a t e  
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thermodynamical r e l a t i o n s  has been given i n  Appendix 1; t h e  f i n a l  r e l a t i o n  is:  
( 4 . 3 - 2 )  
X i s  s o l u b i l i t y  i n  case of p lanar  s u r f a c e  
'i 
r i s  r a d i u s  of t h e  bubble 
R i s  gas  cons t an t  
T i s  a b s o l u t e  temperature 
(5 i s  s u r f a c e  t ens ion  
i 
i s  p a r t i a l  molal volume of gaseous s o l u t e  
The r a t i o  of t h e  s o l u b i l i t y  on t h e  curved s u r f a c e  t o  t h a t  on t h e  
p l ana r  s u r f a c e  has  been ca l cu la t ed  by means of above r e l a t i o n  f o r  t h e  
0 /H 0 system. 
t h e  bubble r a d i u s  became as small a s  0.001cm. 
It was found t h a t  s u r f a c e  e f f e c t s  were n e g l i g i b l e  u n t i l  2 2  
Considera t ion  of the  numerical va lues  o f  t h e  q u a n t i t i e s  i n  
equat ion  4 . 3 - 2  sugges ts  t h a t  t h e  e r r o r  w i l l  be approximately t h e  same 
o r  smaller f o r  s t r o n g  KOH s o l u t i o n s  and/or h igher  tempera tures .  
5.0  Mutual D i f f u s i v i t v  of Water i n  Aqueous KOH So lu t ion  
When one i s  d iscuss ing  mass t r a n s p o r t ,  i t  i s  necessary t o  spec i fy  
both t h e  u n i t s  and t h e  re ference  frame wi th in  which the  mass t r a n s f e r  occurs .  
For a b inary  
F ick ’ s  f i r s t  
- -  
N i x  
system i n  which d i f f u s i o n  i s  occurr ing  i n  
l a w  can be w r i t t e n  i n  t h e  form 
D dCi/dx i s  
where N = molar f l u x  of spec ies  i d i f f u s i n g  i n  t h e  x i x  
= d i f f u s i v i t y  of spec ies  i i n  so lvent  system 




3 c m  
Equation (5.0-1) se rves  a s  a def in ing  r e l a t i o n  f o r  t h e  
one d i r e c t i o n  only ,  
(5.0-1) 
.moles 
cm - sec  
d i r e c t i o n , g  
2 cm 
s, - sec 
d i f f u s i o n  c o e f f i c i e n t ,  
and t h e  choice of  t h e  symbol N f o r  t h e  f l u x  i n d i c a t e s  t h a t  a f i x e d  frame Dis 9 
of r e fe rence  has been spec i f i ed  and t h a t  t h e  concent ra t ion  i s  given i n  g.moles 
per u n i t  volume. S t r i c t l y  speaking equat ion (5.0-1) i s  an approximation f o r  
t h e  d i f f u s i o n  c o e f f i c i e n t s  of both spec ie s  a r e  important i n  p r i n c i p l e .  
However, i€ both c o e f f i c i e n t s  a re  eqila? ( E  
s a t i s f a c t o r y .  One way t o  insure  t h i s  i s  t o  de f ine  flows wi th  r e spec t  t o  
a p lane  ac ross  which no ne t  t r a n s f e r  of  volume occurs .  I n  t h i s  volume 
f ixed  r e fe rence  plane 
= Dsi) equat ion (5.9-1) is i s  
V (5 0-2) D; = D2 v -   D12 = D 
where t h e  s u b s c r i p t s  r e f e r  t o  components 1 and 2 ,  r e s p e c t i v e l y .  This  
common c o e f f i c i e n t  can be termed a mutual d i f f u s i o n  c o e f f i c , i e n t .  
5 .1  Experimental 
The present  work i s  concerned with t h e  mutual d i f f u s i v i t i e s  of 
27  
28 
w a t e r  i n  aqueous KOH s o l u t i o n s  i n  the  Concentrat ion range zero t o  s a t u r a -  
t e d  and temperature  from 25OC t o  160 C .  
s tandard  magnet ical ly  s t i r r e d  diaphragm c e l l  (8) wi th  s u i t a b l e  modi f ica t ions  
owing t o  t h e  very co r ros ive  na tu re  of t h e  e l e c t r o l y t e  s o l u t i o n s .  The d i a -  
phragms used were porous Teflon, Grade G ,  wi th  an  average pore s i z e  of 9p, 
and t h e  c e l l  compartments were machined from extruded FEP t e f l o n  as shown 
i n  F igure  7. 
0 The method employed was t h e  
The experimental  method cons i s t ed  of f i r s t  evacuat ing t h e  c e l l  
and drawing degassed d i s t i l l e d  water through t h e  diaphragm a number of 
t imes.  It was e s s e n t i a l  t o  remove a l l  t h e  a i r  from t h e  pores of t h e  d i a -  
phragm during t h i s  process .  
degassed t o  prevent bubble formation during t h e  experiment. When t h e  
ce l l  was f i n a l l y  f i l l e d  wi th  d i s t i l l e d  water ,  t h e  vacuum was r e l e a s e d  
and a hypodermic needle  in se r t ed  through t h e  upper I j o i n t .  The water 
was c a r e f u l l y  drawn out  from the upper compartment and rep laced  by KOH 
s o l u t i o n .  
sy r inge  wi th  a t h i n  needle  was employed. The c e l l  was then inve r t ed  and 
immersed i n  a cons tan t  temperature b a t h  and d i f f u s i o n  allowed t o  proceed 
f o r  about two hours u n t i l  steady s t a t e  concent ra t ions  had been a t t a i n e d  
i n  t h e  diaphragm. A t  t h i s  point  t h e  s o l u t i o n  i n  t h e  upper compartment 
w a s  rep laced  wi th  f r e s h  d i s t i l l e d  water, and t h e  run  was timed from t h i s  
p o i n t .  
i n  t h e  lower compartment, i t  was a l s o  r ep laced . )  The d i f f u s i o n  w a s  
allowed t o  proceed f o r  about two days; t hen  t h e  s o l u t i o n s  i n  both t h e  
compartments were analysed by t i t r a t i o n  and t h e  i n t e g r a l  d i f f u s i o n  
Also a l l  s o l u t i o n s  used were previously 
For t h e  f i l l i n g  of t h e  s topcock and c a p i l l a r y  a hypodermic 
( I f  l a r g e  changes of concent ra t ion  occurred i n  t h e  KOH s o l u t i o n  
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c o e f f i c i e n t  ob ta ined  by using t h e  equat ion 
D = -  (5*1-1)  
- 
where D = i n t e g r a i  d i f f u s i o n  c o e f f i c i e n t  
p = t h e  c e l l  constant  = e (k + k) 
A = e f f e c t i v e  a rea  fo r  d i f f u s i o n  
L = e f f e c t i v e  pore length 
t * t h e  time of run  
VoVl = volume of lower and upper compartments, r e s p e c t i v e l y  
i f i f -  Co,Co,C1,C1 - t h e  i n i t i a l  and f i n a l  concent ra t ions  of t he  lower and upper 
compartments, r e s p e c t i v e l y .  
The c e l l  c a l i b r a t i o n  t o  determine /3 was c a r r i e d  out  using KC1 s o l u t i o n s  f o r  
which D i s  known a s  a func t ion  of concent ra t ion  from abso lu te  measurements 
( 9 ) .  The c e l l  and diaphragm volumes were determined by a s e r i e s  of c e l l  
weighings wi th  a l i q u i d  o f  known dens i ty .  
The KOH used i n  these  measurements contained less than  0.02% 
carbonate ,  and was approximately 99.96% pure.  
5.2  Method of Calculat inn D i f f e r e n t i a l  D i f f u s i v i t i e s  
The d i f f u s i o n  c o e f f i c i e n t  c a l c u l a t e d  from t h e  diaphragm c e l l  
experiments i s  a r a t h e r  complicated double average,  which it  i s  not  easy 
t o  convert  immediately t o  the more fundamental d i f f e r e n t i a l  d i f f u s i o n  
c o e f f i c i e n t .  It has  been shown by Gordon(8) t h a t  a n e g l i g i b l e  e r r o r  i s  
introduced i n  a l l  o rd inary  eases i f  i n s t e a d  of using t h e  exac t  r e l a t i o n  
t - D = .( F ( t ) d t  
t 
0 
(5 .2-1)  
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we t r e a t  t he  integrand a s  having a cons tan t  va lue  equal  t o  i t s  va lue  when 
t h e  concent ra t ions  i n  t h e  two compartments a r e  midway between t h e i r  i n i t i a l  
and f i n a l  va lues .  This constant  va lue  i s  then  equal  t o  5 a s  def ined  above 
and is  r e l a t e d  t o  t h e  d i f f e r e n t i a l  d i f f u s i o n  c o e f f i c i e n t  by 
(5.2-2)  
where Cm' = - 2 
m 
The problem of computing t h e  D va lues  a t  va r ious  va lues  of concent ra t ions  
f o r  a set  of D va lues  obtained i n  experiments w a s  a t tempted us ing  Stokes '  
(11) method. E s s e n t i a l l y ,  t h i s  c o n s i s t s  of assuming a s u i t a b l e  a n a l y t i c a l  
express ion  wi th  a r b i t r a r y  c o e f f i c i e n t s  f o r  D a s  a func t ion  of C y  and then  
determining c o e f f i c i e n t s  so t h a t  Equation (5 .2-2)  above w i l l  f i t  t h e  
des i r ed  va lues .  
5.3 Volume Change on Mixing 
I f  t h e r e  i s  no volume change on mixing during t h e  d i f f u s i o n  process ,  
t h e  volume on e i t h e r  s i d e  of t he  appara tus- f ixed  r e f e r e n c e  p lane  w i l l  be 
unchanged, and t h i s  r e fe rence  plane w i l l  be i d e n t i c a l  with t h a t  def ined  
e a r l i e r .  The condi t ion  of zero volume change i s  f u l f i l l e d  exac t ly  i f  
t h e  p a r t i a l  molar volume of each component i s  independent of concent ra t ion .  
Under these  circumstances t h e  experimental  d i f f e r e n t i a l  d i f f u s i o n  c o e f f i c -  
i e n t  w i l l  be i d e n t i c a l  wi th  D12. 
cond i t ion  is  not  exac t ly  f u l f i l l e d ;  however, we present  c a l c u l a t i o n s  below 
V For t h e  KOH-water system, t h e  above 
t o  prove t h a t  t h e  c o r r e c t i o n  due t o  volume changes i s  n e g l i g i b l e .  For 
32 
t h i s  we employ t h e  method of Olander (12) who developed an equation from 
which it  can be quickly a sce r t a ined  whether t h e  volume change co r rec t ions  
a r e  necessary f o r  a p a r t i c u l a r  system o r  no t .  From h i s  Equation (14) we 
have 
- 
where D = measured i n t e g r a l  d i f f u s i o n  c o e f f i c i e n t  
- c1 e = c  0 
A = a parameter i n  Olander's Eqn. (10) 
= r V  when C; = 0 sb 
2 [cf+c: ) ( ei-ef) - & y e f )  3 2 2  + <In  I ei/ef J 
G =  
( Vs) = average value of solvent  molar volume between upper and lower 
compartments 
6 j = czi.j+l - Cj,, 
= d i f f u s i v i t y  a t  i n f i n i t e  d i l u t i o n ,  o r  Nernst l i m i t i n g  va lue  
DO 
a = c o e f f i c i e n t s  f o r  t h e  expansion when t h e  d i f f e r e n t i a l  d i f f u s i o n  
j c o e f f i c i e n t  i s  expressed as a power s e r i e s  i n  C(Olander, Eqn. 13 ) .  
Subscr ipts :  o r e f e r s  t o  lower compartment 
1 r e f e r s  to  upper compartment 
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Superscr ip ts :  i r e f e r s  t o  i n d i t i a l  cond i t ions  
f r e f e r s  t o  f i n a l  condi t ions  5 
m r e f e r s  t o  mean condi t ions  
The quan t i ty  r i s  given by 
1 - 
V K o H / v H 2 0  = k + r C  (5.3-2) 
i . e . ,  r i s  t h e  s lope  of  t h e  l i n e  r e s u l t i n g  from a p l o t  of t h e  r a t i o  
( YKoH/vH201 ve r sus  concent ra t ion ,  and k i s  a cons t an t .  
i 
For t h e  case  C1 = 0 
- 
sb  
where Vsb i s  def ined  by 
A = r V  
- 
1- 'H20 = 1 / Y S b  + QC c; > c > c; - -  
(5.3-3) 
(5.3-4) 
where Q i s  a cons tan t  (Olander Eqn. 7). 
From Equation (5.3-1) it  i s  only necessary t o  eva lua te  t h e  bracketed terms 
f o r  an  experiment which involves t h e  l a r g e s t  d r i v i n g  f o r c e  i n  t h e  r eg ion  
of l a r g e s t  r .  I f  t h e s e  d i f f e r  from un i ty  by t h e  same order  as t h e  exper i -  
mental  p r e c i s i o n ,  then  t h e  co r rec t ion  due t o  volume changes would be 
ba re ly  s i g n i f i c a n t .  
Using t h e  apparent  p a r t i a l  molal  volume d a t a  of Akerlof and 
Bender (13), t h e  r a t i o  VKOH/ VH20 v s .  concen t r a t ion  was p l o t t e d ;  a l s o  
"'H, 0 sb 
- 
v s .  concent ra t ion .  From these( r )and  l / Y  were found t o  be 
L 
0.1075 l i t e r s / g . m o l e  and -1 80 g.mole l i t e r  e We s h a l l  aPP 1 Y  t h e s e  t o  t h e  
fol lowing va lues  obtained for  a run: 
i 
= 5.532 g . m o l e / l i t e r  c1 = 0 
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f C 0 = 4.174 g.mole/liter Cf 51 396 g .mole/ liter 1 
i i  
i 0 1  8 = C -C = 5.532 g.mole/liter 
= Cf-C: = 2.778 g.mole/liter ef 0 1 
- 1  1 5 e 532 -5 2 -1 
(0.184)(50.5)(3600) 2.778 In -= 2.055~10 cm sec 
2(5.532+0) (5.532-2 778)- (3/2) [ (5. 532)2-(2. 778)2J +( 5.532)*1n( 5,532/2.778) 
41n(5.532/2.778) G =  
= 6.24978 
cm 0 = (1/2) ) = 4.853 g.mole/liter 
Cy = (1/2) CIK1 = 0.698 g.mole/liter I f  f l  
6 = 2" = 4.3266 
0 0 
(v)=<~H20)= 17.8 ml = 0.0178 liters 
i 
1 For this case, since C = 0 
- 
A = rVSb = (0.001344) 
= 0.9988 1 1- 0.0084 [e][ 1-(0.1075)(0.0178)(4.3266 
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Since both t h e  bracketed terms d i f f e r  from un i ty  by very small f a c t o r s  t h e  
c o r r e c t i o n  due t o  volume changes i s  t h e r e f o r e  i n s i g n i f i c a n t .  Because t h e  
above c a l c u l a t i o n  was performed f o r  t h e  case  f o r  which volume changes 
should be most s i g n i f i c a n t ,  i t  i s  concluded t h a t  i n  a l l  ca ses  t h e  volume 
change e f f e c t s  w i l l  be n e g l i g i b l e  for  KOH s o l u t i o n s .  
5.4 Experimental Mutual Diffusion Coef f i c i en t s  
The i n t e g r a l  d i f f u s i o n  c o e f f i c i e n t s  a t  25OC f o r  a few KOH so lu-  
t i o n s  d i f f u s i n g  i n t o  water have been obta ined  and are  shown i n  Table 5.4-1. 
Table 5.4-1 







- 2  D, cm / s e c  
1 0 .b6845 0 0.7174 0.2583 2.32~10'5 
-5  2 0.9840 0 0.7394 9.2521 2.19xlC 
( i )  10.868 19 0 8.3899 2.5498 1 . 9 3 ~ 1 0 - ~  
(ii) 10.91935 0 8.52 748 2.46091 1 . 8 3 ~ 1 0 - ~  
A sample c a l c u l a t i o n  of 
i n t o  pure water i s  shown i n  Appendix 2.  
f o r  an approximately 5% KOH s o l u t i o n  d i f f u s i n g  
6.0 D i f f u s i v i t i e s  of Hydrogen and Oxygen i n  KOH So lu t ions  
Although these  measurements a re  a p r i n c i p a l  concern i n  t h i s  work, 
no experiments were done during t h i s  per iod  as a l l  e f f o r t s  were d i r e c t e d  
toward g e t t i n g  o the r  d a t a  which a r e  necessary.  
i n s t i t u t e d  i n  t h e  very near fu tu re .  
Work i n  t h i s  area w i l l  be  
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7.0 Future  Plans 
Af te r  c a r e f u l  cons idera t ion  of t h e  a rea  of g r e a t e s t  NASA i n t e r e s t  
and t h e  t e c h n i c a l  problems involved i n  making accurate measurements of 
phys i ca l  and t r a n s p o r t  p rope r t i e s ,  i t  has  been concluded, wi th  t h e  concur- 
rence  of NASA t e c h n i c a l  personnel,  t h a t  ch ief  a t t e n t i o n  should be given 
t o  ob ta in ing  t h e s e  d a t a  f o r  temperatures below 16OoC and f o r  KOH concentra- 
t i o n s  up t o  60 w t .  percent  before  a t tempting work a t  higher  temperatures  
and KOH concent ra t ions .  Therefore ,  p lans  f o r  t h e  next s i x  months have 
been r e v i s e d .  
1. 
These now include t h e  following: 
Completion of t h e  measurements of t h e  s o l u b i l i t y  of  hydrogen and 
oxygen i n  KOH. 
2 .  Development of t h e o r e t i c a l  models f o r  s o l u b i l i t y  of hydrogen and 
oxygen i n  KDH based on s t a t i s t i c a l  mechanics, 
3 .  Measurement of  t h e  d i f f u s i v i t y  of hydrogen and oxygen i n  KOH 
s o l u t i o n s .  
I n  r e spec t  t o  i t e m  1 above, it may be worth not ing  t h a t  t h e  l i m i t -  
ing f a c t o r  i n  making s o l u b i l i t y  measurements now i s  t h e  degree t o  which t h e  
helium s t r i p p i n g  gas  can be p u r i f i e d .  
has  become so low a t  h igh  temperatures and h igh  KOH concent ra t ions  t h a t  
t h e  impur i t i e s  remaining i n  the helium s t r i p p i n g  gas a f t e r  p u r i f i c a t i o n  
are:a  s i g n i f i c a n t  f r a c t i o n  of t h e  d isso lved  oxygen i n  a sample. 
are  being made t o  f u r t h e r  pur i fy  t h e  helium, and it  is expected t h a t  su f -  
f i c i e n t  success  w i l l  be  achieved t o  enable  us t o  make t h e  necessary mea- 
surements a t  high KOH concent ra t ions  and t h e  h igher  temperatures .  
I n  s h o r t ,  t h e  s o l u b i l i t y  of oxygen 
E f f o r t s  
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D i f f u s i v i t y  measurements wi th  t h e  diaphragm c e l l  (descr ibed  i n  
ear l ie r  r e p o r t s )  a l s o  r e q u i r e  purer helium because t h e  d i s so lved  gas  con- 
c e n t r a t i o n  i n  t h e s e  s o l u t i o n s  i s  even less than  i n  t h e  s a t u r a t e d  s o l u t i o n s  
which a r e  used f o r  s o l u b i l i t y  measurements. 
The only work planned on phys ica l  p r o p e r t i e s  of KOH s o l u t i o n s  
i s  t h a t  which is  r equ i r ed  f o r  making t h e  s o l u b i l i t y  and d i f f u s i v i t y  
measurements. 
REFERENCES 
1. Reddlich,  0. and Bigeleisen,  J . ,  J .  Am. Chem. SOC. 64, 758 (1942). 
2 .  I n t e r n a t i o n a l  C r i t i c a l  Tables,  Volume 4 ,  p. 238 (1928).  
3.  11 Caust ic  Potash", Solvay Technical and Engineering Serv ice  B u l l e t i n  
No. 15, Solvay Process Divis ion,  A l l i ed  Chemical Corp., 1960. 
4 .  Gerlach, G .  T . ,  Z e i t ,  Anal. Chemie, 26, 413 (1887). 
5 .  Thomson, G .  W . ,  "Determination of Vapor Pressure" ,  i n  "Technique of 
Organic Chemistry", Vo. 1, P a r t  1, ed. A.  Weissberger, 1959. 
6 .  Lange, N .  A, Handbook of Chemistry. 
7. Himmelblau, D. M . ,  J .  Phys. Chem., 63, 1803 (1959).  
8 .  Gordon, A .  R . ,  Ann. N . Y .  Acad. Science 46 ,  285 (1945). 
9. Harned, H.  S .  and N u t t a l l ,  R .  L . ,  J .  Am. Chem. SOC. 6!3, 736 (1947); 
71, 1460 (1949). -
10. Gosting, L. J . ,  J .  Am. Chem. SOC. 72, 4418 (1950). 
11. Stokes,  R .  H . ,  J .  Am. Chem. SOC. 72, 2243 (1950).  
12. Olander, D. R . ,  J .  Phys. Chem. 67, 1011 (1963). 
13. Akerlof ,  G . ,  and Bender, P . ,  J .  Am. Chem. SOC.,  63, 1085 (1941).  
39 
Appendix 1 
Surface  Ef fec t  and S o l u b i l i t y  
I n t u i t i v e l y ,  i t  i s  seen t h a t  t h e  pressure  i n s i d e  a bubble i s  
higher  than  o u t s i d e  on t h e  plane su r face ,  i . e . ,  t h e  chemical p o t e n t i a l  
i n s i d e  i s  higher  than  ou t s ide .  Quan t i t a t ive ly ,  t h e  equat ion  f o r  t h e  energy 
change is: 
dF = -SdT + VdP + adA + C p(y)dni  
S 
The above equat ion i s  v a l i d  for  curved su r faces  under t h e  assumptions 
(i) t h e  su r face  t ens ion  is  unchanged by t h e  curva ture  ( i i )  t h e  i n t e r f a c e  
wi th in  t h e  system does not change t h e  p re s su re  on t h e  e x t e r i o r .  It may 
be noted t h a t  t h e  chemical p o t e n t i a l  P(’)in t h e  above equat ion  p e r t a i n s  
t o  t r a n s f e r  of matter which does not change su r face  a r e a ,  i . e .  
i 
For a s p h e r i c a l  bubble,  however, t h e  a r e a  w i l l  change according t o  t h e  
i t r a n s f e r  of matter. Thus the volume change on a d d i t i o n  of increments dn 
moles of t h e  va r ious  components is:  - 
dV = Z Vidni ( 3 )  
- 
where Vi i s  p a r t i a l  molal volume of spec ie s  i. 
For a s p h e r i c a l  bubble: 
dV = 2 -  
dAs Y 
v 
= 2 c -  dn r i 
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Thus, f o r  t r a n s f e r  from a curved su r face ,  we can w r i t e  
i = -SdT + VdP + Z i r 
( 7 )  
We no te ,  t h e r e f o r e ,  t h a t  t h e  chemical p o t e n t i a l  f o r  a curved 
vi(3 
s u r f a c e  is r a i s e d  by an amount 2- over t h e  plane s u r f a c e  chemical r 
p o t e n t i a l  
( C )  
p i  
p':) due t o  su r face  e f f e c t s .  
The chemical p o t e n t i a l  f o r  a curved su r face ,  p i s  given by: 
i 
Now f o r  s o l u b i l i t y  of gases  (0 and H ) i n  l i q u i d s  (KOH), equi l ibr ium 
exists between t h e  gaseous and l i q u i d  phases: 
2 2 
where p! and p1 are chemical p o t e n t i a l s  i n  the  gaseous and l i q u i d  phases,  
r e s p e c t i v e l y .  
But, f o r  t h e  case  where t h e r e  a r e  no s u r f a c e  e f f e c t s  
i 
(10) 
0 p: = p + RT l n f i  
0 
where p = f (T)  only.  
1 = p * + RT In  y ix  (P) 
pi 




On equat ing Equations (10) and (11) we  o b t a i n  
A 
and 
Now i n  case  of s u r f a c e  e f f e c t s  
- 
V i a  
= ~ O + R T I ~ ~  + 2 - -  i r 
As befo re  by ( 9 ) ,  (11) and (15) 
where x(') is mole f r a c t i o n  i n  case  of curved su r face .  
i 
From (13 )  and (16) we  have then  
(17) 
Samp 1 e Ca  l cu  l a  t ion: 
0 /Water System: 2 
(3 = 79.7 dynes/cm for H20 
- 
V = 32.00 cc/mole 
O2 
7 R = 1.987 cal/g.mole°K = 4 . 1 8 5 ~ 1 0  ~ 1 . 9 8 7 ,  erg/g.mole°K 




v a  
+2x32x79.7 
+2 [ 2 )=  rx4.185xlO/xl. 987x298 
i X !c! exp[ I ,  L .  X r X  1u - =  (PI X 
Take r = O.lcm 
% Error = 0.0007 x 100 = 0.07% 





) = exp( 2.06 x = 1.0007 





Sample Calculations of Mutual Diffusion Coefficients 
A. Cell Volumes: Plexiglass Cell No. 1 
= 44.975 ml = volume of lower compartment 
vO 
V1 = 43.70 ml = volume of upper compartment 
V2 = 0.95 ml = volume of diaphragm 
B. Determination of Cell Constant, p: 
10 ml sample from each compartment titrated with O.1NA NO 
Titration reading from lower compartment = 4.57 ml 
soln. 
g 3  
Titrat ion reading from upper compartment = 1,39 ml 
Then 
Cf = 0.04$7 g.mole/liter Cf = 0.0139 g.mole/liter 1 0 
i c1 = 0 
f f i  v1+1/2v2 
ci 0 = 0 + V C 1  ( v0+1/2v2 ) 
Ci = 0.0592 g.mole/liter 
0 
= 0.05245 g.mole/liter 
c1 + c1 = 0.00695 g.mole/liter 
2 
2 
C ' f  ci 0 + c,' - 
m 2 
i f  
'm" = 2 
- 
Do(Cm') = 1.89~10-5 cm /sec 
D (C 'I) = 1.94~10-~ cm /sec 
- 
o m  
- 
D = 1.88309~10-~ cm2/sec 





Cell constant /3 = = In 
0 
1 [ 0.0592 
49.25~3600 0.0457-0.0139 ) 1 = ( 1.88309~10-~ 
B = 0.186 
C. Mutual Diffusion Coefficient in Approximately 5 wt,,$ % KOH: 
After a run of 48 hours 5 ml samples from each compartment titrated 
with 1.ON HC1 
Bottom compartment 35.87 ml 
Top compartment 12.92 ml 
Then Cf = 0.7174 g .mole/ liter Cf = 0.2583 g.mole/liter 1 0 
VI + 1/2v2 
Ci = Cf + (  C: - Ci ) ( vo + 1/2v2 ) = 0.9685 g.mole/liter 
0 0 
2 - D = 2.32~10-~ cm /sec. 
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